Eubrychius velutus Beck is an aquatic weevil distributed throughout Europe and Asia. It is closely related to Euhrychiopsis lecontei Dietz, which is native to North America and is a potential biological control agent of Eurasian watermilfoil (Myriophyllum spicatum L.). Both weevils are watermilfoil (Myriophyllum) specialists and complete all life stages submersed on the plants. Eubrychius velutus has recently expanded its host range to include the exotic M. heterophyllum Michaux, introduced to Europe from North America. We describe the life history and developmental performance of E. velutus. Developmental rates and survival of E. velutus were similar on the exotic host (M. heterophyllum) when compared to the native hosts (M. spicatum and M. verticillatum L.) and also were similar to developmental rates of E. lecontei. At 238C, eggs hatched in three days, larval and pupal development each lasted about 10 days and total development from egg to adult was completed in 23 days. Both species have very similar life histories and developmental performance. However, E. velutus develops in the meristem and outer portions of the plant and pupates in a cocoon on the top 5 cm of the plant, whereas E. lecontei larvae mine the stems and also pupate there.
Arten haben einen sehr ähnlichen Lebenszyklus und eine vergleichbare Entwicklung. Allerdings leben die Larven von E. velutus im Meristem und auf der Außenseite der Stängel. Sie verpuppen sich in einem Kokon, der bis zu 5 cm von der Sprossspitze entfernt liegt, während die Larven von E. lecontei im Stängel minieren und sich dort auch verpuppen.
Eubrychius velutus Beck (Ceutorhynchinae, Phytobiini) is an aquatic weevil distributed throughout Europe and northern Asia (Colonnelli 2004) . Although it has been previously reported from North America, these records are incorrect. The specimens were actually misidentifications of the closely related Euhrychiopsis lecontei Dietz (Tamayo et al. 1999) , endemic to North America. Eubrychius velutus is a specialist on watermilfoils (Myriophyllum spp., Haloragaceae) and its reported hosts include Eurasian watermilfoil (M. spicatum L.), whorled milfoil (M. verticillatum L.), and variable milfoil (M. heterophyllum Michaux) (Dieckmann 1972; Wimmer and Sprick 2000; Wimmer 2001; Colonnelli 2004 ). Dieckmann's, and thus subsequent reports of M. elatinoides Gaud. as a host are erroneous (Sprick 2000) .
Recently, there has been interest in the use of aquatic insects for the biological control of Eurasian watermilfoil, which was introduced to North America from Eurasia in the 1940s (Smith and Barko 1990) . Most work has focused on E. lecontei, which has expanded its host range from the native northern watermilfoil (M. sibiricum Komorov) to Eurasian watermilfoil (reviewed in Newman 2004) . In addition to being effective at controlling some Eurasian watermilfoil populations, this recent host range expansion has provided valuable insights into herbivore host choice and performance (Solarz and Newman 2001; Newman 2004; Marko et al. 2005; Roley and Newman 2006) . Although E. velutus was identified as feeding on Eurasian watermilfoil in early surveys of potential control agents, the populations were low (Lekic and Mihajlovic 1970) . However, it was recommended to be considered for importation to North America and evaluation, if E. lecontei proved ineffective (Buckingham 1994) .
Recently, Wimmer and Sprick (2000) and Wimmer (2001) reported that E. velutus had expanded its host range from European watermilfoils to include the exotic M. heterophyllum, which was purposefully introduced to Europe from North America in 1906. Massive stands were first observed during the 1940s, although it was initially not, or erroneously, identified (Wimmer 2001) . Thus, a comparison of these two similar weevil species' performance on native and exotic host plants should provide further insights into herbivore host range expansion.
Through investigation of its potential as a biological control agent, an extensive body of literature on the biology and ecology of E. lecontei has been published (over 35 papers reviewed in Newman 2004) . Although a number of studies have provided descriptions of the life history and ecology of E. velutus, most are in German and none has provided quantitative information. Therefore, the aim of this paper is to review the life history and ecology of E. velutus, to assess development times and survival of E. velutus on its native hosts M. spicatum and M. verticillatum and the exotic host M. heterophyllum, and finally to compare E. velutus with its North American relative E. lecontei.
Materials and Methods
Eubrychius velutus was collected from abundant submersed M. heterophyllum plants in Hannoversche Treue (52859N, 10822.79E), a small (4.3 ha) mine pit lake near Salzgitter-Engerode, Niedersachsen, Germany. Approximately 30 adults and 35 pupae were collected from the reservoir on 23 June 2002. Two additional adults, one pupa and one larva were collected from M. spicatum in Hoheweg (528109N, 108289E), south of Salzgitter-Thiede, Niedersachsen, a gravel pit lake that has a very sparse population of M. spicatum. Hannoversche Treue has a diverse plant community including three species of Myriophyllum (M. heterophyllum, M. spicatum, M. verticillatum), Ceratophyllum demersum L., Chara fragilis Desv., and Potamogeton pectinatus L. Hoheweg contained only M. spicatum, Chara vulgaris L., P. pectinatus and Ranunculus trichophyllus Chaix. Both lakes are alkaline and have a high conductivity (1,345 lS/cm in Hannoversche Treue). The aquatic weevil Phytobius leucogaster (Marsham) was present in both ponds and P. canaliculatus (Fåhraeus) and Bagous collignensis (Herbst) have been found in Hannoversche Treue (Sprick, pers. obs.) . Wimmer and Sprick (2000) and Wimmer (2001) provide additional details on water quality and plant and invertebrate communities in these ponds.
The collected weevils and associated milfoil plants were transported to Konstanz, Baden-Württemberg, where they were cultured in a laboratory. A few additional weevils were collected from several fish ponds near Ü berlingen, north of Lake Constance, Baden-Württemberg. For culture and performance experiments, M. spicatum was collected from Lake Constance (478429N, 98029E), M. verticillatum from Mühlenweiher (478429N, 98099E; near Konstanz) and Ebenweiler See (478549N, 98309E; near Ravensburg, both Baden-Württemberg), and M. heterophyllum from Hannoversche Treue and Heider Bergsee (508509N, 68529E; Nordrhein-Westfalen).
In the laboratory, weevil stocks were maintained on M. heterophyllum, M. verticillatum or M. spicatum in 38-L aquaria in an environmental chamber with a 16-h light, 8-h dark photoperiod and a temperature of 23 6 18C. For developmental performance experiments, a ca. 25-cm long milfoil stem (with intact meristem), weighted on the basal end with a metal nut, was placed in a 1-L jar filled with water from Lake Constance and a mating weevil pair, collected from the stock aquaria, was added to the jar. Oxygen in the jars ranged from 80-100% saturation (6.6-9.5 mg/L) and temperature ranged from 22-238C. Jars were observed once or twice daily for oviposition. Because E. velutus eggs often were deposited deep in the meristem and not readily visible, plants were removed and meristems examined under a dissecting microscope (2-83) for eggs. When an egg was located, the plant was returned to the jar and the weevil pair was placed in a new jar with a fresh milfoil stem of a different taxon. We attempted to have each pair lay eggs on all milfoil taxa to reduce parental effects (n ¼ 7 to 10 plants of each taxon). Plants with eggs also were monitored once or twice daily under a microscope and life stage recorded. Larvae and pupae were located and position on the plant was noted. Upon eclosion, adults were blotted dry and weighed on a microbalance to the nearest 0.001 mg.
Development times (by stage) and adult mass upon eclosion were analyzed with a one-way ANOVA and survival was analyzed with a contingency analysis in Systat (Wilkinson 1989) .
Results and Discussion
Life History. All stages (eggs, larvae, pupae and adults) were found in late June in Hannoversche Treue and Hoheweg in Niedersachsen. During the summer, adults live submersed on watermilfoil plants (Dieckmann 1972) , relying on plastron respiration (Hinton 1976) . Eubrychius velutus has been found in numerous ponds in Niedersachsen on submersed plants from May through September (Wimmer and Sprick 2000) , although other months were not sampled. The adults overwinter in the leaf litter along the shoreline (Dieckmann 1972; Gruschwitz 2002) , which is similar to E. lecontei ). We are not aware of reports of overwintering densities or the exact timing of return to the water in spring, but suspect, as with E. lecontei, adults move to the shoreline in mid-September to early November and return to the water between ice out and May to begin laying eggs after a brief feeding period (Mazzei et al. 1999) .
Females lay single eggs on watermilfoil meristems, although they will often lay more than one egg on a meristem during a period of several hours. As with E. lecontei (Sheldon and O'Bryan 1996; Sheldon and Jones 2001; M. D. Marko et al. unpubl. data) females likely lay one to five eggs per day. Eggs are yellow and oblong, 0.6-to 0.7-mm long and 0.3 mm in diameter. Eggs were often buried deep in the meristem and adults may occasionally chew holes in the meristem where eggs are deposited. Eggs hatch in several days and the larvae consume the meristem. Unlike E. lecontei, which starts mining the stem within several days, the larvae continue to consume the meristem and then feed externally on the upper stem and leaves; no stem mining was observed. After about 10 days, the mature larvae locate an area on the stem to pupate, typically in the top 5 cm of the plant, and often in the top 2 cm with a mean stem diameter of 1.3 mm (SD ¼ 0.3; n ¼ 22). This is in contrast to E. lecontei, which typically pupates 20 cm or more below the meristem (Sheldon and O'Bryan 1996) , probably to avoid mined stems, and also to find large diameter stems that accommodate internal pupation (mean diameter ¼ 1.6 mm; Roley and Newman 2006) . Also in contrast to E. lecontei, which burrows into the stem to pupate, E. velutus simply spins a cocoon around itself on one side of the stem, a process that takes about 4 h. The cocoon hardens and turns a dark tan, and the pupae metamorphose over a period of about 10 d. Adults chew open the cocoon, a process that can take several hours to a day, and then begin feeding on the meristems and leaves.
Field-collected adults from northern Germany weighed from 1.32 to 2.16 mg, with a mean of 1.70 (SD ¼ 0.22; n ¼ 16). Weevils reared in the laboratory were significantly smaller (mean ¼ 1.30 mg; SD ¼ 0.25; n ¼ 16), possibly due to poorer quality plants being reared there.
The weevils mate often and females begin laying eggs within two to five days and continue the cycle. We did not determine adult longevity, but some females from the original collections in June were still laying eggs after 30 d. Euhrychiopsis lecontei has been recorded laying eggs for over 160 d (Sheldon and O'Bryan 1996) and we have observed continued egg production of several E. lecontei females over 60 d (M. D. Marko et al. unpubl. data) .
Developmental Performance. Eggs hatched in 3.1 to 3.5 d and larvae took an average of 9.8 to 12.3 d (depending on plant taxon) to develop to pupae (Table 1) . The weevils spent an average of 9.8 to 10.0 d in the pupal stage and complete development, from egg to adult, averaged 22.8 to 24.0 d. These results are very similar to developmental rates of E. lecontei at the same temperature (Table 1) . The slightly longer time in the egg stage and shorter time in the larval stage for E. lecontei is likely the result of overestimation of egg duration and subsequent underestimation of larval duration because plants were not examined under the microscope and hatching was inferred from macroscopic inspection (Mazzei et al. 1999) . For E. velutus, meristems were examined daily with a dissecting scope and identification of hatching and presence of larvae was thus more precise. Survival within stages also was similar to survival of E. lecontei. Hatching rates were high, with greater mortality in the larval and pupal stages, but overall survival from egg to adult ranged from 43 to 67% (Table 1) .
There were no significant differences in development times among the three host plants (ANOVA, all P . 0.18) and although survival was higher on M. verticillatum than M. spicatum or M. heterophyllum there were no significant differences in survival among plants for any stage or for development from egg to adults (Chi Square, all P . 0.1). Adult weevil mass did vary by host plant (ANOVA, P ¼ 0.016); mass was significantly higher on M. spicatum than on M. heterophyllum (Tukey's HSD, P ¼ 0.017) or M. verticillatum (Tukey's HSD, P ¼ 0.073) (Table 1) .
Overall, E. velutus performed similarly on the exotic M. heterophyllum compared with the native hosts, M. verticillatum and M. spicatum, however, in contrast to E. lecontei, which often performs better on the exotic host M. spicatum than native hosts M. sibiricum and M. verticillatum Sheldon and Jones 2001; Solarz and Newman 2001; Sheldon and Creed 2003; Newman 2004 ), E. velutus did not perform better on the exotic. Although there were no differences in developmental rates, the higher mass of adults reared on M. spicatum, in conjunction with similar results with E. lecontei in North America (e.g., Newman et al. 1997; Solarz and Newman 2001) , suggests that M. spicatum, whether from Europe or North America, is a better host than other watermilfoils. The equal or better performance of both E. velutus in Europe, and E. lecontei in North America on exotic compared to native hosts supports the contention of Parker and Hay (2005) that exotic plants rarely escape herbivory in their new habitats and there is little support for the enemy release hypothesis. Native herbivores often expand their host ranges to include the new exotics in their diets (Parker and Hay 2005) .
It is unlikely that E. velutus would be a more effective biological control agent than E. lecontei. Because E. velutus lives on the outside of stems and its feeding and damage is limited to the top few centimeters of the plants, it likely will have much less effect than E. lecontei, which in addition to consuming the meristem, mines about 15 cm of stem to complete larval development (Mazzei et al. 1999) and also pupates inside the stem. The stem mining, which causes the plants to leak gas and lose buoyancy (Creed 2000) , also inhibits nutrient and carbohydrate translocation, resulting in reduced carbohydrate stores that may reduce its long term viability (Newman et al. 1996) . Furthermore, stem-mining damage and associated frass may increase the likelihood of secondary infection (Creed 2000) . Thus, a similar density of E. velutus is likely to have less effect on watermilfoils than E. lecontei. Because the overall size, life history and developmental rates of the two species are so similar, it is likely that factors that limit E. lecontei populations also would limit E. velutus. In North America, high sunfish (Lepomis spp.) populations limit E. lecontei density in many lakes (Newman 2004; Ward and Newman 2006) . Eubrychius velutus adults would be similarly vulnerable to sunfish predation (Sutter and Newman 1997) ; because the larvae and pupae reside on the outside of the stems, they would be more vulnerable than these same life stages of E. lecontei. M. heterophyllum 7 3.1 6 0.8 11.0 6 1.6 10.0 6 1.2 24.0 6 1.2 1.10 6 0.16 % survival 100% 57% 75% 43% M. spicatum 14 3.3 6 0.9 12.3 6 4.2 9.8 6 1.3 23.2 6 2.5 1.50 6 0.27 % survival 86% 75% 67% 43% M. verticillatum 9 3.5 6 0.4 9.8 6 1.2 9.8 6 0.6 22.8 6 0.6 1.23 6 0.14 % survival 89% 100% 75% 67% E. lecontei 1 M. spicatum 16 5.1 6 0.7 9.4 6 1.1 9.8 6 0.5 23.9 6 1.0 1.36 6 0.13 2 % survival 77% 69% 89% 50%
In summary, the life history and development times of these two species are similar, and the adults are similar in appearance. Both are watermilfoil specialists and readily adapt to new hosts within the genus. Based on the similar ecology of E. lecontei in North America, it is likely that three or four generations of E. velutus are produced each summer. The main difference between the two species is that E. lecontei mines stems and pupates in the stem whereas E. velutus does not mine stems and completes its life cycle in the upper 5-cm of the plant.
